We describe procedures for measuring cortisol in plasma and serum by isotope dilution and mass spectrometry.
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The widespread use of routine assays for steroid hormones in blood plasma or serum as a clinical service has emphasized the need for adequate assessment of the procedures. This may take the form of both within-laboratory (internal) quality control and external quality assessment. National and international external quality-assessment schemes have been established (1) (2) (3) (4) in which, generally, the performance of participating laboratories is established by periodic distribution of biological samples with subsequent assembly and processing of assay data by a central laboratory. Although the accumulation of data from replicate analyses of individual sample pools provides an indication of interassay imprecision, the numbers of assays performed are likely to be small, with consequent uncertainty attaching to the precision data (5) . The rigorous assessment of intra-and interassay imprecision may therefore be more properly considered to be a function of internal quality control.
The most important objective of an external qualityassessment scheme is the assessment of interlaboratory comparability (after duly noting imprecision), i.e., the relative bias. Three major advantages may be expected to accrue from reduced interlaboratory variability (6) : (a) the provision of consistent data to clinicians, regardless of the assay laboratory involved; (b) improved interlaboratory comparability of clinical and research data; (c) the possibility of pooling different laboratories' data to establish reference ranges.
Tenovus Institute for Cancer Research, Welsh National School of Medicine, Heath, Cardiff CF4 4XX, U.K.
Received Nov. 11, 1982 ; accepted Feb. 17, 1983 .
Three approaches have been adopted for assessing accuracy in steroid hormone assays:
(a) determination of the recovery of a known quantity of steroid added to a sample; (b) comparison of individual laboratory data with consensus values (i.e., group means);
and (c) comparison of routine assay data with those obtained by an independent, highly specific analytical technique. Approach a represents a necessary, but insufficient, criterion for assay accuracy. The use of method b may be misleading if data from grossly inaccurate assays distort the consensus value. Gas chromatography/mass spectrometry (GC/MS) has become widely accepted as a suitable independent technique for validating routine assay procedures ion monitoring (that is, the quasi-simultaneous determination of an ionic species derived from the analyte and its analogue derived from the internal standard). We have applied the technique to the analysis for cortisol in plasma extracts obtained by three independent procedures. The analyses have been calibrated with respect to cortisol (Standard Reference Material 921) of natural isotopic abundance, supplied by the National Bureau of Standards, Washington, DC, and certified as 98.9% pure (as judged by various analytical techniques). These procedures have been used to provide target data for the United Kingdom National External Quality Assessment Scheme for cortisol in plasma.
Materials and Methods

Samples
Details of plasma and serum pools (1.5-4 L) used in the assessment scheme were as follows; these designations are retained here. All pools were confirmed to be free of hepati- 
Participating Laboratories
Assay techniques used by participants in the external assessment scheme were in three categories: fluorometric assays (13), competitive protein binding assays, and radio- Assay results were submitted by participants to the Tenovus Institute. For each sample mail-out and each assay method or kit type, mean concentrations and standard deviations were calculated after exclusion of outlying data (defined as differing from the mean by more than 3 SD). Pyridinium acetate buffer (1.5 mol/L, pH 5) was prepared by mixing 50 mL of pyridine (freshlydistilled over sodium hydroxide), 35 mL of glacial acetic acid, and 330 mL of water.
Reagents for GC-MS
Glassware was treated to minimize adsorption by rinsing with a mixture of dimethyldichlorosilane and toluene (95/5, by vol), followed by toluene, then methanol. All solvents were distilled before use.
Extraction and Derivatization Procedures
We used three procedures for extraction and derivatization; in each case, cortisol was converted to the 3,20-bis(methyl oxime)-1 1,17,21-tris(trimethylsilyl ether). The mass spectrum of this derivative has been reported (17) .
Method A. This method is a modification of that described previously Method B. Add the internal standard and allow to equilibrate as described in Method A. Add 0.5 mL of pyridinium acetate buffer containing 100 g of methoxyamine hydrochloride per liter. Shake briefly and allow to stand at 20#{176}C overnight. Transfer to a 3 x 0.6 cm column of Lipidex 1000, swollen in water/pyridine (95/5 by vol). Wash the sample tube with 1 mL of water and add this to the column. Elute the column with 2.5 mL of the water/pyridine solution, 2.5 mL of water, and 0.5 mL of methanol, and discard the eluate. Collect the fraction of interest in a silanized glass tube by eluting with a further 2 mL of methanol. Evaporate the solvent under a stream of nitrogen and transfer the residue, in 0.4 mL of methanol, to a silanized 2-mL tapered glass vial. Evaporate the solvent under nitrogen. Prepare the trimethylsilyl derivative as described in Method A. Method C. Add the internal standard and allow to equilibrate as described in Method A. Add 1 mL of a suspension of microcellulose-coupled antiserum (diluted 15-fold) and vortex-mix for 45 mm. Add 1 mL of phosphate-buffered saline [PBS; pH 7.4; containing sodium dihydrogen orthophos-
mmol/L), sodium chloride (0.15 mol/L) and sodium aside (0.015 mol/L)I and centrifuge (2500 rpm; 1100 x g) for 5 mm. Discard the fluid and wash the pellet by brief vortexmixing, first with 2 mL of PBS, then twice with 2 mL of water; centrifuge and discard the .washings at each stage. Add 1.5 mL of methanol and vortex-mix for 45 mm. Centrifuge (2500 rpm, 5 mm) and transfer the methanol solution to a silanized 2-mL tapered glass vial. Evaporate the solvent under nitrogen and derivatize as described in Method A.
Gas Chromatography/Mass Spectrometry
We used a Varian 2700 gas chromatograph with 1% OV-1 on Gas Chrom Q, 100-120 mesh (Jones Portions of five plasma pools, prepared for distribution to laboratories participating in the external quality-assessment scheme, were analyzed by CC-MS (with the solvent extraction procedure) on six to eight occasions. Interassay
Results
Assessmentof the GC/MS Procedure
CVs were 3-4%, except for plasma C2 (Table 1) ; the greater imprecision in this case may be attributable to a minor degree of heterogeneity of the plasma pool, thoughthis was not detected by the less-precise routine methods. An independent study (unpublished) on the precision of instrumental analyses done with the high-resolution multiple-ion monitoring facility, suggested that the major contribution to assay imprecision arises from instrumental error (and is attributable to factors including ion statistics and the instability of peak-top focusing during high-resolution mass spectrometiy).
Also included in Table 1 Figure 2 shows routine-assay data as means of results from all laboratories using one of four assay procedures, calculated after each mail-out of the plasma sample con- RIAs were considered as a single group for the purpose of Figure 3 , despite wide differences in methodology. The minor degree of bias evident in this group may reflect the comparatively long experience of these laboratories with RIA. Table 2 Figure 4 shows the relation between the mean data for each method and the CC-MS values. Linear regression analysis in each case gave a slope close to unity with various positive intercepts, except for the Travenol kit data, which gave a small negative intercept.
Comparisonof Routine Assays and GC-MS
Correlation coefficients exceeded 0.994,except for the fluorometric assay data (r = 0.954). Very few laboratories detected cortisol in the plasma pool (C7) from which endogenous steroid had been removed by charcoal stripping; indeed, RIA laboratories commonly re-
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ported greater binding of labeled hormone than in the zero standard. Table 2 shows data obtamed by the routine-assay laboratories for the stripped plasma poo1 supplemented with a known amount of cortisol (C8). Use of the fluorometric procedures gave accurate determinations of the added steroid; all other routine assays markedly underestimated the true concentration. The routine assay data are means of all data obtainedfor several mail-outsof eachpoo1. The numbersoflaboratories using each method aregiven in Table 2 .
Linear regression of routine assay data on GC-MS results gave thefollowing equations (y = routineassay result,x = GC-MS result of serum pools covering a broader range of endogenous cortisol concentrations is required before conclusions may be drawn concerning the relationship between bias and cortisol concentration.
Acquisition of an appropriate set of serum pools of the requisite volume is difficult but is in progress as an extension of the present study. In analyses of a plasma stripped of endogenous steroid and supplemented with cortisol, fluorometric assays, in contrast to ligand-binding assays, accurately determined the added cortisol ( Table 2 ). The sensitivity of direct RIAs to the sample matrix is expected, and Bj#{246}rkhem and coworkers (20,21) have established that accuracy in the use of several RIA kits for cortisol is improved if the calibration sera (stripped and supplemented with steroid) supplied with the kits are replaced by sera containing endogenous steroid at concentrations determined by GC-MS. They were thus able to reduce the generally positive bias of assay results. The negative biases observed in the determination of steroid added to stripped plasma in the present study may be attributable to the severe alteration of the plasma matrix by extensive charcoal stripping (see Materials and Methods). 
